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AERODYNAMIC RESULTS OF WIND TUNNEL
SEPARATION TESTS ON A 0.01-8CALE MODEL
(32-0T8) SPACE SHUTTLE INTEGRAIFD VEHICLE
IN THE AEDC~VKF-SWTA (TAS57)

By
J. J. Daileda
Rockwell International Space Division

ABSTRACT

Tested was the RI integrated space shuttle vehicle (configuration 3)
in the AEDC-VKF SWTA. Primary test objective was to determine proximity
force and moment data for the orbiter/external tank and SRB with and with-
out separation rockets firing fcr both single and dual booster runs. Data
were obtained at points t = 0, t = 1,25, and t = 2 seconds on the nominal

SRB separation trajectory.
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N f Genernl.
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o H¥MBOL, HYMBOL, DIEFINLTLON
EL% Vo " nprnd of nound; m/nee, t/nce
{ ¢ op procoupe conftelonty (5 - pm)/a
7;: " M MACH Meeh numbies y /o
{ p proseure; N/m, pof
,?i q :ﬁgx}ﬂ'% dynomie prevourcs L/oeV, N/mf', pof
1’ RN/L RN/L unit Reynolds number; pur ‘s, por £t
; v veloedtys m/oce, ft/oce '
-{ o ALPHA ongle of nttuck, degroeos
_;, ' B BETA ongle of wideslip, degrees
/] PSL nhgle of yuw, degrecs
= ¢ PHI ohgle of roll, degrees
! P moos density; ke/m3, sluge,'tt3
i l : ‘ Reference & C.G. Defdnltions
Ap buse sres; me, f£t°
=1 ' b BREF wing opon or refercnce spany m, £t
Cole center of gravity
: 4hEF LREF reference length or wing meun
) ¢ nerodynnmic chord; m, ft
: : 8 SREF wing ores or reference srea; m-, f£t-
N ‘ MRP moment poference point
J XMRP moment reference point on X sxis
YMRP momert reference point on Y axis
/MRP moment reference point on 4
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5 ntatic conditions
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TOMERICLATURE ( Consdimea)

Body -/t Vyston

DEPTITATON
norml - fopee a0 edond, ROEMAL Lorc:
qf)
nyluletore  oocf M edont: 'L’L"'_“,;!; Yareo
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Liscelores cout'tiaelent ELL‘%M
e
My, = v us

forcbody nxlal foree coctticlent, ¢, - UAb

pltehinge-moment coutficient: phtching moment
a8/ Ry

yuidngemoment coefflclont; L_ﬁgs__ﬂ"’inq moment
rolling-moment coefficlent; r°ni“ momen'

Stubllity-Axlc System

11ft coefficient; tift

coefficient; 5

drag coefficlent; .1”“
Y

bage-drag coefficient; ___Em; idrag

forebody drag coefficlent; Cp - cDb

. le~-force coefficlent; Eideq___fsl’_rﬂ

pltching-moment coefficient; pitching moment

L p ey
yaving-moment coefficient; ﬂ’l”%
rolling-moment coefficient; rollén moment

1ift-to-drag retio} Cp/Cp
14t to forebody drag ratio; Cp/Cp,
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Xe. g
Xcp/y,

XB’YB, ZB
X0,Y0s%0

Xps Y, 2

AY

AZ

PCL

PT=JET

SRBP@S

XCG

XCP/L

NOMENCLATURE
(ADDITTONS TO STANDARD LIST)

DEFINTTION

orbiter body length, inches
mated orbiter/external tank

total pressure of thc separation motor
jets, psia

freestream total pressure

solid rocket booster

SRB position at one of three points in

time on the nominal separation trajectory
(see Configuration Investigated section for
code explanation)

reference center of gravity location

longitudinal center of pressure, fraction
of body length

SRB longitudinal, lateral, and vertical
coordinates, inches

orhiter longitudinal, lateral, and vertical
cocordinates, inchas

ET longitudinal, lateral, and vertical
coordinates, inches

longitudinal separation distance of SRB
nose from mated position, positive aft

lateral separation distance of SRB nose
from mated position; positive outboard

vertical separation distance of SRB nose

from mated position; positive away from
orbiter

left SRB nozzle plenum chamber pressure, PSIA

R, ..____;._..._A_.‘

P W 3
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SYMBOL

Ao

AB

a0/ET
aSRB
RO/ET
BSRB
MTL

PLOT
SYBOL

L-SRB

R-SRB

NOMENCLATURE

(ADDITIONS TO 3TANDARD LIST)

DEFINITION

angular rotation in the pitch planc from
mated condition; positive whon nosec moves
away from O/ET

angular rotation in the yaw plane from
mated condition; positive when nose moves
away from O/ET

orbiter/external tank angle of attack
solid rocket booster angle of attack
orbiter/external tank angle of sideslip
solid rocket booster sideslip angle

total mags flow rate through left SRB
nozzle, lbm/sec,

left solid rocket booster position 1, 2, 3,

or 0 (see configuration investigated)

right solid rocket booster position 1, 2,
3, or 0 (gsee configuration investigated)
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INTRODUCTTION

A 0.0l=scale model Rockwell International integrated Space Shuttle
vehicle (Configuration 3; figure 2a) was tested in the Arnold Enginecring
Development Center=von Karman Gas Dynamics Facility 40=-inch Supersonic
Wind Tunuel (Tunncl A). Test date was November 20, 1973.

Objective was to determine proximity force and moment data for the
orbiter/ET and SRB with and without separation rockets firing for both
single and dual booster runs. Data were obtained at points t=0, t=1.25,
and t=2 seconds on the nominal SRB scparation trajectory.

Data were obtained at Mach 4.5 at Reynolds numbers of 1.08, 1.50,
1.85, 2.23, 4.85, and 6.52 million per foot. Booster separation motor
plenum pressures were set at tunnel static (zero thrust), 750, and 1500
pstd, Angle of attack and angle of yaw for the Orbiter/ET ranges from
-10 to +10 degrees. All angle of attack and angle of yaw runs were made

srparately.

11
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; TEST FACILITY DESCRIFILON

The AEDC=-von Karman Facllity (VKF) Tumncl A is a continuous, closcde

circult, variable density wind tunnel with an automatically driven,

flexible-plate type nozzle and a 40~ by 40=-inch test section. The tunnel
J0F T can be operated at Mach numbers from 1.5 to 6 at maximum stagnation prose
sures from 29 to 200 psia, respectively, and stagnation temperaturcs up to

750° R (M=6). Minimum operational pressures range from about one-tenth to

"_,;w one twentieth of the maximum at each Mach number. A description of the o
L;; tunnel and airflow calibration information may be found in the Test
Facilities Handbook.*
¥
X

= *Test Facilities Handbook (Ninth Edition). 'von Karman Gas Dynamics
| Facility, Vol. 3", Arnold Engineering Development Center, July 1971.
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CONFIGURATION INVESTIGATED

Test model was a 0.,010-scale force model of the Rockwell International
Spacc Shuttle vehicle (Configuration 3, Model 32~0TS).

Extcernal tank was rigidly attached to the orbiter. The orbiter was
supported Ln the inverted position on the tunnel primary oector by the
AEDC 4.00-Y=36-049 balance and 4.06-7=050 sting.

The SRBs were supported by brackets attached to a modified sting
adapter aft of the 4.06-2-050 sting. Brackets located the boosters in the
three test separation positions.

The right SRB was mounted on AEDC 0.625~inch diameter flow=~through
balance 4.00-Y=34=065. The left SRB was mounted on a dummy balance built
to have the same deflection characteristicvs as the 4.00-Y=34-065 balance.

Orbiter and external tank were constructed of aluminum and had these
components: wing, vertical tail, canopy, orbital maneuvering system (OMS)
pods, body flap, simulated main engine nozzles, umbilical fairing, tank-to~
orbiter attach structusc, and tank protuberances.

External tank was attached to the orbiter using the forward sttach
strut and the LOy and LHp feed lines. Feed lines end feed line fairings
were relocated inboard 20 inches fullescale ‘rom the position uscd on
previous tests using Model 32-0TS (IAl3). ‘The new location matches the

line drawings for these components. Figures 2b through 2e show the attach
structure and tank protuberances.

The SRBs were constructed of steel and included the separation rocket

fairing nozzles. High pressure air was piped into both SRBs to simulate

13




» 8RR separation motor plumas, Nozzle detalls are shown in figures 2f and 2g.
Both SRB& were capable of belag mounted Indepondently in each of the

f%\ posltiona glven In the following tabloe,

Pogltion — AX (in.) AY (In.)  AZ (In.) Ao _(deg.) AR_(deg.)

1 0 0 ) 0 0
2 1,470 2.168 2,594 3.07 4.55
3 4,022 5,465 7.030 7.95 10.40

For these positions,AX, AY, and AZ arce displacements of the SRB nose in inches,

model scale, from the mated SRB nose position. AX is measured positive aft,

% AY 1s measured positive outboard, and AZ is measured positive away from the or-
H
{ ’ biter. Au and Ag are defined as: Ao = USRB ~ %Q0/ET» AB = Bgrg - Bo/ET. where
%grB* BgRB* “g/ET» Bo/ETs are obtained using conventional aerodynamic definitions.
Al On the data, collation sheets and plots, the number and position of the
i*‘ boosters are noted with two digits under the parameter SRBPOS. The first diqit
f.
Q' refers to the pos‘tion of the left SRB and the second digit refers to the po-
sition of the right SRB. Tested were the following combinations:
SRBPOS Left SRB Right SKB
1.100 Position 1 Position 1
2.100 Pogition 2 Position 1
L 2,200 Position 2 Position 2
= 1.200 Position 1 Position 2
3,200 Position 3 Position 2
3.300 Position 3 Position 3
2,300 Position 2 Position 3
0.300 Removed Pogition 3
0.200 Removed Pogition 2
R B 0.100 Removed Position 1
) 0.000 Removed Removed
= 14
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Lower surfaces of the elevon and body flap on the left side of the

model were instrumented with three pressure taps loeated ae follows:

X Y

Tap No. (Inches from nosoe) (inches from £)
7 12.20 1.40
8 12.29 2,00
12 13.33 1.00

Three “ransducers were mounted in the external tank to measure these
pressures so that clectrical lcads instead of tubing would bridge the bal-
ance to the sting.

Nomenclature below were used to designate the configurations investie-

gated.

O = Byg C7 Ea3 F5 M, Ng No4 Rs V; Wyg7

SRB = 88 N63 N64 PS4

Model configurations are defined as follows:

Symbol Component Description Drawing
Simulated attach structure (AT,)
AT Left rear orbiter to external tank VL72~000088D & 89
AT7 Right rear orbiter to external tank VL72-000088D & 89
ATyq Front orbiter to external tank VL72-000088D & 89
Byg Body VL70=-00139B
Cy Canopy VL70-00139B
Epg Elevons VL70-00139B
Fg Body Flap VL70-00139B
Feedlines (from cxternal tank to orbiter)
Fig LOy feedlines VL78-000050
FLy LHy feedline VL78-000050
FRg Umbilical door fairing VL78-000050
My, Orbital maneuvering system VL70-00139B8
Ng OMS nozzles VL70=-000140A
N4 Orbitcer SSME nozzles VL70=-000140A
Ng1 Aft SRR sceparation rocket nozzle block VL72=000088 &
VL77-000036
15
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“ { E T ———————— S 1 e BT I g Sy Y T e
Symbol Comprnent Deseription brawing
Nos Forward SRR separntion rocket noggle VL72-000088 &
block VL7 7=000036
P8, Separation rockot falwing VL72-000088 &
Y1.77=000036
External tank protuberances (PTy,FLy,FRy)
PT, LOo wvont line fairing VL78-000031A
PT) LOg feed line VL78=000031A
PT4 LHy vent linc VL78-000031A
Ry Rudder VL70=000140A
Sg Boosters (solid rocket) VL72-000088 &
VL77-0000725
T10 External Tank VL78-00041B
- V7 Vertical Tail V1.70-000140A
Wi07 Wing VL70-000140A

Complete dimensional data for thce components are given in Table IT1I.
All control surfaces were at their nominal positions during the test;
i.e., no elevon, aileron, body flap, or rudder deflections. The umbilical

fairing beneath the orbiter was in place for the test.

16
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DATA REDUCYION

gtandard AEDC data veduction methods wore used to computa six~componant
acrodynamic force and moment coofflclents for the orbiter/external tank and
four (CNy Cms Cy» Cp) acrodynamic force and momant cocfficients for the right
SR3. The following refercnce dimensions were applied:

 value (Model Scale) Value (Full Scale)

Orbiter/ET Orbiter/ET
Symbol Description Data SRB Data Data SRB Data

8 reference area, f£t2| 0,269 0.269 2690.0 2690.0
b reference span, in.| 12.903 12.903 1290.3 1290.3
c reference chord,in.i 12.903 12.903 1290.3 1290.3
Zb reference body

length, used for

ch/z, in. 19.703 17.410 1970.3 1741.0

XMRP longitudinal loca=
tion of moment
reference point,
inches from model
nose 7.430 9.670 743.0 967.0
(station,inches) (10.520 Xp) [41.670 Xp) |4052.0 Xp) (1167.0 Xg

YMRP lateral location of
moment rcference

poiat, statiom, j
iﬂ(‘h(‘.S 0.0 YT 0.0 YB 000 YT 000 YB

ZMRP vertical location
of moment reference
point, distance
above centerline, 0.470(from| 0.00(from |47.0 (from 0.0 (from
inches ET G,) SRB §,) ET G)| SRB §)

Figure 2a shows the MRP locations.

Orbiter basec and balance cavity pressures were ~ecorded but were not
used to apply any corrections. Three body flap pressures were also recorded. J

Pressure coefficients are in the appendix.
17
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TABLE IIT. MODEL DIMENSIONAL DATA
MODEL, COMFONENR: ATTACH STRUCTURE -~ Alg

GENERAL DESCRIPTION: Right recerv, Orbiter to Externnl Tank

. 14
=i -|
4 MOLEL SCALE; _0.0i0
C DRAWING NO.: VL72-000088B + VL72-000089 NOTE: Use first drawing for location
b and second drawing for detail of
! . struts
4 ! DIMENSIONS: 3 FULL SCALE  MODEL SCALE
G First Strut
:; % ' ' Diameter In. (Approx.) 1 a.010
- Fvd. Location, In. (Attach to Orbiter)
' i X, : 07 1300
: ) _ ' 2058 20.58

App Approximate Aft Location, In. (Attach to Orbiter)

7 . X, 1107 T 11.07
—1: ' xa . 1858 18.58

(NOTE: This strut is the mirror
. imnge of Strut AT7)

' Second Strut
E ? . Diameter, In. (Approx.) ’ . 1 —0.010
B Iocation, In. ‘ . . i

Xo !:.'.'.. L—-———- 13.0

x, ‘ : 2058 -20.58 _ .

(NOTE: This is & cross-brace strut)

25




TABLE TI1. Continuod

MODEL COMVONENT:  ATTACH STRUCTURE - ATy

M it (R

QENERAL DESCRIPITON: left rear, Orbiter to Bxtarntl Tunk

MODBL SCALE: Q.01Q

1 4 e————e——— -

DRAWING NO.: VL72-000088B + VL72-000089 NOTE:

DIMENSION3I:

FORWARD ATTACH POINTS
Orbiter to Tank
Number of Struts
Diameter - In. (Approx.)
Location - In.
%o
Xp
Orbiter to SRB
Number of Struts
Dianeter - In.
Iocation - In.

%o
Xp
Tank ' to SRB
Number of Struts
Dismeter - In.
- Location - In.

Xy

APT ATTACH POINTS
Orbiter to Tank
Number of Struts
Diameter - In. (Approx.)
Location - In. (Approx.)
X, .
Xp
* Orbiter to SRB
Nuber of Struts
Diameter - In.
Loeation - In.
Xo
Xg
Tank to SRB
Nunber of Struts
Diameter - In.
location - la.

Xp

Xg 26

Use first draving for location and
second drawing for detail of ectruta

FULL SCALM MODET, SCALE
—_1 D N
—t Qa0
*
R oY 2307
2058 20,58
1 1
1 0.010
1107 11..02
1858 18.58

v e Attt e vy

- o & o

Tr—

<

o

2

s
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TABLE 111, Continued
MOLEL COMPONENT: ATPACH STRUCTURE - AT))

GENFRAL DESCRIPTION: Front, Orbiter to External Tank

’

MODEL SCALE: -
DIMHSIONS: FULL SCALE MODEL SCALE
Number of Struts : 2 2
Wath of each strut | 1212 0125
Yength of each strut - . 25 0.250
location: . ’
X, o : 391 3.9%
Xp 1132.0 1132 |
,

1
4
1
4
!

..’1‘
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TABLE TIL. Continued
MODEL, DIMENSTONAL DATA
MODEL COMPONENT: BODY - Bjg o

GENERAL DE3CRIPTION: Fuselace, Confipuration 3, per Rockwell Linea

Drawing VL70-0001398 -

NOTE: ITdeatical to BL7 except forebody

MODEL SCALE: .010
DRAWING NUMBER: VL70-000139B

DIMENSIONS: FULL SCALE MODEL SCALE
'Length - In. 1200.3 12,903
Max. Width - In. 267.6 | 2.676
Max. Depth - In. 2hk.5 2.445
Fineness Ratio 4.82175 ‘*'83.1’1‘2..
Area - Ft2

Max. Cross-Sectional _386.61 0.03867
Planform
- Wetted )
Base
28
Y
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TABLE III. Continued

MODEL COMPONENT: CANOPY - Cq

GENERAL DWSCRIPTION: Configuration 3 per Rockwell Lines VL70-000139

-

MODEL SCALE: 0.010
DRAWING NUMBER: VL70-000139

DIMENSIONS:

. e >N

Max. Width =" s

Max.Tepth (29 =  to Zg = 501)~~ In. FS

Flarnmess Ratio
Area
iiax. Cross-~Sectional
{lonform
- Tetted -

Iase

REPRODUC mILITY OF THE
ORIGINAL PAGE 1S POOR

Leugth (Xo = 433 to X, = 670) in. FS

29

237

FULL SCALE MODEL SCALE

2.370
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TABLE T1I. Continued ‘

MODEL COMPONENT: FLEVON -~ F¥n 3 . 1
V ' a

i

GENERAL DESCRIFTION: _Conflguration 3 per Wjg7 Rogkwell Lines Toawdny

VL(2-0901398 datn for (1) of (2) sides |

i
MODEL SCALE: _0.010 *
DRAWING NUMBER: VL70-000139B }:
DIMENSIONS: "' FULL SOALE MODEL SCALLE ‘ «i
Area - £t2 o . 205.52 _  _ 0.0295% ;
‘Span (equivalent) - im. _353.3k 3.533. 4
Inb'd equivalent chord . ‘ 114.78- . __«1‘_13_5_3____ j
Outb'd equivalent chord S | 55.00 ' 0.550 '
" Ratio movable surface chord/total ‘ : | ‘
surface chord ' ' '
At inb'd equiv..chord . 0.208 0.208
At outb'd equiv. chord 0.400 0.400 ‘ |
Sweep-back angles,degrees ‘
i Leading edge o 0.00 0.00
Trailing Edge o - 10.2h - 10.2h
Hingeline . S 0,00 0.0
Area Moment (Normal to Hingeline) - £t3 1543.07 .._0.003.518_
(Product of Area Moment)
{
30 : ‘ e




| “'f,, TABLE III. Continued.

HODEL COMPOHeiils  DODY VIAD - Fg

GENERAL DESCRIFIION: Body flap for fuselase Blg

.

MODLEL 8CALBE:  0.01% ‘

DRAWING NUMBSR:  VL70-0201.39 - o
' FULL SCALL MODEL SCALE

- DINENSION:S:
»M- Length - In. ' : - ' 84.70 - 0.8h79
“ 267.6  __2.676

Max. Width - In.

i Mox. Depth - Im. -
A " Finencss Patio -
Avea - re? -
o Max. cross-secbional 142.5195 0.01h2

I Wetted
" Buse . ' 38.0958 0.50280353

Y I

Y
\
. e e 31
R PURN MRTIE SIS ¢ 1 ~ ¢
ORIGINAL Fatviy is POOK
hY
,\",,
=1
= )
_1‘{ - < N
e e - s .
" e g Yo - o . 4 Tty
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MODWL COMPOIIEHY;  WenDLT NG

Gl R, DRSURTLPTGH

O SCATES 0,010

DRAVILEY NO.s VEE-000050

DIMEIATOUSs

(MMwmimeutX?

Dlam=ter

rABLE TIT,
Frll

Continued

32

LOKL rocdline betw.on BP and orhlter,

FULT UALE

....:’Z;Q.Q.:a M 5._.. -

et 10.0
_ 140,06
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TABLE III. Gontinuad

MODEL COMPONENT: FEEDLINE -~ Fl,

GENRAL DESCRIPTION: LHa feadline between ET and Orbiteor.

MODEKL SCALE:  0.010
DRAWING NO.: VL78-000050

e Ml

DIMENSICNS:

FULL SCALE

MODEL GCALE

1
Centerline at: Xp 2063. 20.635 f

Yo - 70.0 -0.700 _ |

% 1305 1305 |

Y, - 70.0 - 0.700 \

Diameter 18.5 0.185 |

!

|

‘ é‘
!

».;

a
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&
MODEL SCALE: 0.010
DRAWING NO.: VL78-000050
- DIMENSIONS: FULL SCALE MODKL_SCALE
Height (from orbiter surface, In.
. Leading edge 5.0 0.05%0
Trailing edge 23.0 0.2%
Maximum 26.0 0.260
Length, In. 154.0 1.540
; Max. width, In. 235.0 2.350
Y
1
3
)
]
f%
]
Q} . 4
= 24 N _é x

TABLE ITI.

Continued

MODEI, COMPONENT: ORBITER UMBILICAL FAIRING - FRg

GFNERAL DFOSCRIPTION: Falring around orbiter umbilieal ansembly on orbiter

lower nurface roar fuselage trailing edga.

e e i e
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:: TABLE III. Continued

MODEL COMPONRNT: OM3 Pnd - M, |

:' | QENERAL DESCRIPTION: Conflmuration 3 per Rockwell Linea VI70-0001 39

| NOT#s M), idenwieal to My exeept’ intercaction to funalago,

L MODKL SCALE: ©.0%0
1 DRAWING NUMRZR: VEL70-000139
5‘ PI}LNSIONG: ' FULL SCALE MODKL OCALE
_ Length - In. 346.0 3.460
- | Max. Width - In. 108.0 1.080
1 Max. Dopth = In. 113.0 1,130

. Finceness Ratio

] Area - Ft8 ’
al Max. Cross-Sectional

1 Planform

B VWetted

‘ - Base -
4
-
>

35




TABLE TET. Continudd
. VODSL COMPQMNENMP: _ NOARTUR - MO et prrmere 1
s ORIERAL DRSGRTITTON; _Panle OO Ilu:'..'.'.lﬂ of Conf mmtmn A por hock'f"ﬂ o
’AA‘ s Ay s g i S—— P R el a4 - B B Aaiac sk sl aaas L E ol

IO 00”.,506 und VAN RN VG LN LN

Intersgavion of

nosnlo axat 34,4.nn and

) o o ettt e S e M e TP EEEERETYTITIRE T T O IR W S £ S e e T TR ey TR,
\
; no"z'Lo gontorlinn ab X Yo © 199075, Yo 1% 9.?5, o ™ 507.25

) I wCatL “*‘ 0.910

P

DRAVING No.  VL70-002306, VIZ0-000039"R", 55-A00092 ,
DIISION, CMELSONE  MODWLSOAIY
' Mach M.

Longth ~ in, oo
" Gimbal Polnt to Exit Pleno A
4 i - Throat to Exit Ilane ———e oo R |
: Diamaster~in, .

Exit ~50,00 T .
Theoat ] N/A N/A _
Inlet ~28:0 D280
mn | . Area ~ i‘tzo/ Nozzle
Exit 13,635 0.00136

'TQroat )

Gimbal Point (station)~in, i
x : 2580 . A8
¥ j , 488,0 088 .
2 ) £92.0 h.920
Null) Positlen~deg.
Pitch : R s
voy (Outb'd) % Ml a1
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TABLA 11I. Continued
I' ! MODET, CONPOLLNT LR HAAA RIS :
[ CQrInAT, UUSCRIPTION: | Genfizuraticn 3 M Y
| HODBL $CAIE .10 |
4 PDRATING NO. V1.70-0C0LL0A Y170-005030A :i
DL IONS FULL SCALE MODEL SCALR :
e " Mo.ch Yo, 4
length~in, of
G:i.mbal Point to Exit Plane
‘ Throat to Exit Plans ' !
Viameter ~in, |
Exit 91,000 0,910,
N Throat - :
. Inlet
Area ~£t2, /Nozzle e
Exit 45.16585 0.00452
i 4. Throat
Giubal Point (station)~in.
Upper Nozzle
X 1445 1k,450
Y 0 [0)
A A3 . I 430
o ]
* lower Nozzles :
X . 34,68,16996 14.68170
Y "‘%53’0@600‘ + Q.5
. 2 —342.63988  ~ _3.backy .
\ .
. Null Pogsition ~degs . '
“ Upper Nozazle '
Piteh 16° 16°
. JYaw o° "M
:) lower Nozuzles
. Pitch 10° 10°
P Your (outb'd) : . 3.5° 5.5°
= 3 »
R\%PR()UUUMHLI'I'Y OF THB -
ORIGINAL PAGE IS POOR_4
g
-3
5 v
_l_» - ’ . 1
T LR = - 7 o r e
7 AN T =
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TABLE iTi.

Continuad

MODEL COMPONENT: SRB AFT SEPARATION NOZZL& BLOCK = NE]

CENERAL DESCRIETION:  Aft weparation nozzles for configuration 3 nelid

roeliet boogtar,

SCALL MODEL: 0.010
DIMWIISIONS:
Diometer ~ In.
Exit
" emene Throat

——— e e v

Inlet

- esvee

Area - £t°
Exit
Throat
Design kxit Mach No.

No. of Nozzles

MODEL DRAWING: 53-A01184

" FULL SCALE  MODET, CCALR
—:= 945 0.0945

6.8L 0.0681
6.81 0.068L
0.4871 000004871
0.2529 0.00002529
_ 2.15

N

1.8.50

Center of rotation of thrust centerline X; _1850

Nozzles mounted on SRB aft skirt, canted 20° aft,

away from O/ET

38

v
c

©
e '_g
¢
Y

Ii

TR I - AP T
o s o

e o —— A i bt Tttt chida B ok ma




=

T

" TABLE III. Continuad
MODEL, COMIONENTs SRB FORWARD SEPARATION NOZZLE BLOCK - N6k

’

GFNERAL DESCRIPTION: Separntion nozzles for configuration 3 golid rocket

booster.
MODEL SCALE: 0.010 Model Drawing No. 8S-A0L18%4
DIMENSIONS: - FULL SCALE MODFL SCALE
“Diemcter - In.
Exit 9.h5 0.0945
Throat L 6.81 0.0681
Inlet 6.81 0.0681
Area - Ft2/Nozzle ‘ | .
Exit 0.h871 0.00004871
Throat ' 0.2529 0.00002529
Design Exit Mach No. 2.15 2.15
No. of Nozzles 4 (in 2 blocks)
’Oenter of rotation of thrust centerline _4s0 4,50

Nozzles canted 20 deg. forward, away from O/ET

39
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TABLE III. Continued
MODEL, COMPONENT: SEPARATION ROCKET NOZZLE FAIRING - PSu

GENERAL DESCRIPTION: Fairing enclosing I aft separation rocket nozzles

located on SRB base shroud.

MODEL SCALE: 0.010
DRAWING NO.: VL77-000036

e N
SRS P AT SRR P

DIMENSIONS: FULL SCALE MODEL SCALE
Leading edge station, In.Xp 1724.5 17.245
Trailing edge station, In. Xp 1852.0 18.520
Max. Width, In. 30.0 0.300
Max. Height, In. 20.0 0.200

40
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TABLE III. Continued
MODEL COMPONLNT: ET PROTUBERANCE - PTy

GoTMRAL DEJCRIPTION: LOX vent line falring on Tank (‘1']_2) Nose

MODYT, SCALE: 0.010

DRAWING: VLT8-000031A

DIMENSIONS: FULL SCALE MODEL SCALE
Leading edge at: Xp ’ 321.00 _..3.210
Yo __ 0.0 0.
Trailing edge at: "Xqp ' 947.00 9.470

Centerline of vent line radially located at

Height . e P

Width

41
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TABLE TII.
MODEL COMPONZNT: KT PROTUBERANCE - PTo

Continued

GENERAL DESCRIPTION: LOX feedlines on Vehiole b tank secured o tuws by

brackets with 30-inch spacing (total of 22 brackets)

MODEL ECALE: 0.010

DRAWING MO.: VL78-000031A

DIMENSION3:

Leading edge at:

Trailing edge at:

Bracket spacing from Xp = 997

Centerline of LOX feedline located radially

at @

X

Yo

Yp

42

FULL_SCALE
_947.00
= 10.00
-1330.00
- 70.00
50.00

—23.3°

\DEL SCALE
9.470
-~ 0.700
13.300
~_0.700
0.500

23.5°
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TABE III. Continued
MODEL, COMPONENT: LT PROTUBERANCE -~ PT3

GENERAL DESCRIPTION: LHy ventline on Vehicle 4 tank secured to tauk by

brackets with 30-inch spacing (total of 22 bracketis)

MODLL SCALE: 0.010

DRAWING NO.: VI78-000031A

DIMENSTONS: | FULL SCALE MODSI, SCALE
Leading edge at: X 9k7.00 __9.470
. - = 70.00 ~0.700
Trailing cdge at: XT 1330.00 13.300
oy, _-70.00  _=0.700
Bracket spacing from XT = 997 : 50.00 0.500
Centerline of LH, feedline radially located at $= =345
43
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' TABLE III. Continued

MODEL COMPONENT: RUDDER ~.R5

GENERAL DESCRIPTION: 24, 3 and 34 Confipurstion por Rockwell Lines

V1.70-000095

Yodel Scele = 0,010

DRAWING NUMDER: V1.70-000095

DIMENSIONS: ~ . o FULL-SCALE
Area - FI2 - . 206,38
Span (equivalent) - IN. ‘ _201.,0
Inb'd equivalent chord . . 1,58
Outb'd equivalent chord ' , 50.833

Ratio movable surface chord/ - .
total surface chord . .

At Inb'd equxv. chord o 0.400

-7 At Outb'd equiv. chord o 0.400 '
Sweep Back Angles, degrees . . ) ‘
Leading Edge A
T&iling Edge . N | N ;__géLgi__
Hingeline - o | 34'83

Area Moment (Normal to hinge 1ine)- FT3 526,13
Product of Area and Mcan Chord

»

b4

MODEL_SCALE.

0.400 .
0.400

L T R b e



TABLFE III. Continued

-

! MODEL COMPONENT;  PCCGTER SOLID RCCRET HOTOR - £B

!
L

¢
te

GENELRAL DESCRIPTION: Noostor Solid Rocket, 3 Confirurnticn, Hedw ¢?

- e

: ' Ravolntion, Pata for (1) of (2) sidag, por Rockwell Tidnas V970 " oh

L and V172-0C0CES
- - Madel Scale = 0.010 _
| VL72-00088
DRAWING NUMBER . <YL77-000036 MODLT, DRAWING: 8$3-/00113

P DIMENSION: ‘ . FULL SCALE  MODEL SCALE
Y o '
I ‘ .
‘ Length (Tncludes Nozule) ~ IN, 1741.0 17.410
4 MOX Widfh (Tank Diao) bl IN. 1&200 1 _hon
. Mox Depth (Aft Shreud) - IN. 205.0 2,050
: Fineness Ratio 849268 £,49268

Atea - F12

| ' Max Cross-Sectional 229,21 _0.02292

Planform .
- ‘ o ' Wetted
g : . Base -
WP of BSRM Centerline (Zg) - IN. 400.0
f FS of BSRM Nose (Xr) - IN. 2000
]
E 45
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T Iength - In. (Nose @ Xp = 309) 1865 _A8.65
B Max. Width (Dia.) = In. » 30 3,2
= f Max. D2pth ' ‘ - —
K Fineness Ratio 5.75617 S5 501

Aves, - T2

Max. Cross-Sectionmal ' . 512,555 0.0573

.t Planform '
. VWetted B}

N Base

R W.P. of Tank Centerline (Xp) In. %00.0 4,00

A\
=
2
.._.u‘

| 46
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TABLE TIT.

MODEL CCMEONINT:  EXTHERUAT, TAHK - 'Ib' 0

Continued

GENERAT, PUICRIPITON:  Fxternal Oxypea-Hydroson Tank, 3 Configuratisn, ver

RO

Rockwell Lines Dreawing VL78-00004) and VL72-000088

-

MODEL SCALL: 010

VI.72-000088

DRAVING NUMBRR: VL78-000041,

DIMENSIONS:

FULL _SCALE

MOLHT, S04

b
)




TABLE TII. Continued
MIDEL COMPONENT:WVVERTIpﬂL ~'Vg‘

GENERAL DESCRIPT 10M s 'Cgut,nlﬂ ige yortd enl tail, douhle wadie g 1pfadl with

rouaded leaddie. eduts

et RTyTRes

NHOTRe Sy 4 vf)* hnt, };j_tjl.nqn‘inn'lr-*«jr hanadine yramytrrd

'

DRAWING NUMBER: YL70-000130
DIMENSIONS ¢ FULL-SCALE MODEL SCALE
TOTAL_DATA
Area (Theo) Ft k25,02 9.0l25
. Planform '
. Span (Theo) In 315,72 3,167
.~ Aspect Ratio ’ 75— 1,615
Rate of Taper ~ °° = 0507 0.501
Taper Ratio : Q. kol 0.hok
Sweep Back Angles, degrees —————"" J
Leading Edge 45.000 5,000
Trailing Edge 262049 £6.2h9
0.25 Element Line 4140 41,120 _
T oot (Thao) WP | oepc 68
) @0 &8 2.
Tip (Theo) WP "%68.};1 1.085
MAC 1.92.8) L.ac
. Fus. Sta, of .25 MAC 1063,50 1,035
W, P, of .25 MAC £35..522 6,355
- Bc Lo Of .25 MAC - Q:“;! 0.0
Ad r‘1’oﬂds%em*.;l4 og Anal 0
Leading Wedge Angie eg 10.09%0
Trailing Wedge Angle  Deg o2 14,020
: Leading Edge Radius 2.0 0.020 )
Void Area 13,07, 0.L3k
" Blanketed Area __0.00 0.0 ___

47
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tT TABLE TIT, Gontinuad '
KODEL COMPONENT: __ MING-Y 107 o e e
GENERAL DESCRIPTIGNS _ v onficuration 3 pov Peetneal) Lip o VPT0-0001040
‘ . " o s > e T~ L S - —
P Bato no 1103, exeant ou’f, airfol) nid in'siggmuvn'ﬂa.
_J".mlfal Oacle 70,010 .
TESE KO, 4G, N0, _yignfontaun
DIMENSIONS:, FULL~SCALE RODEL _SCALE
! TOTAL_DATA . ¥
ng"'l'('ﬂ}ao.) Ft ,
anform 2690, 00 2,067
. Span (Theo In. A, it ORI
Aspect Ratio 2,008, D03
, Rate of Taper 1007, A e
Tapar Ratio ‘ Y oo
Dihedral Angle, degrees (@ TE of Elevon) A en
, Incidence Aigle, degrees NN n ke
: Avrodynamic Tvist, degrges . 1,050 4,00
Sweep Back Angles, dagrees .
Leading Edqge 45,000 45,000
Trailing Edge <10, 7l Sl o
_ 0,25 Element Line 45,209 . LT
Chords¢
Root. ETheo} B.P.0.0, 679,21, 6.8
T‘ip. Theo) B.P. 130,88 1.318
MA Il 8 L, 78
. Fuse Sta, of .25 MAC 1196, B9 10,3559
."opo Of 025 MAC Gy, 2 3 QO3
B.L. of 25 MAC X Y 182,19 1,031
EXPOSED_DATA
Span ('r‘%o)) the 80108 N L
pan (=] e 20,60 296
Aspec’:t Ratio . 2,058 FNIPL
Taper Ratio 0, 2451 0, 2h51
hords .
Root B8P108 542,40 __5.62)
Tip 1,00 b, 2 BT
AC 393.03 31,0393
Fus, Sta. of .25 MAC 1145.31 1) &3]
W.P. of .25 MAC 300,20 2,002
\ B.L’ Of 025 W\C ?‘)lo?é 3.5m
. Afrfoil Section (Rockwell Mod NASA)
o XXXX=64
5] Root,% " 0.10 0.10
: : Data for (1) of (2) Sides
ﬁ Loading Edge Cuff 5
*; Planform fva  Fé LT X) 0L.OLM
'i Leading Edge Intorsects Fus M. L. O Sta it o5 e s me
; Lecding Fdga Tntersects Wing @ Sta a8 Cig 1AM
)
R
';.
b
i
.>‘d v
l'k &, ’ i
P S ¢ ~ S
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